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ABSTRACT

To investigate the molecular mechanisms underlying the antimelanogenic effects of Glycine max (L.) Merr ethanol extract
(GEE), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays, melanin content measurement, reverse
transcription-polymerase chain reaction (RT-PCR), and cellular tyrosinase activity assays were performed using B16F10
melanoma cell models. Treatment with GEE at concentrations of 10, 50, 100, 200, and 400 pg/mL significantly inhibited
melanin synthesis in a dose-dependent manner by 46.69%, 44.42%, 27.90%, 19.37%, and —3.15%, respectively, in B16F10
cells stimulated with 3-isobutyl-1-methylxanthine (IBMX). Furthermore, treatment with GEE downregulated tyrosinase gene
expression and reduced cellular tyrosinase activity to 80.42%, 78.13%, 67.26%, 64.25%, and 40.46%, respectively, compared
to the control. Specifically, GEE treatment at 400 pg/mlL effectively suppressed melanogenesis by decreasing tyrosinase
expression and directly inhibiting tyrosinase enzymatic activity in the B16F10 cells. Therefore, GEE may be a promising natural
whitening agent with potential applications in skin health and for the prevention of pigmentation related disorders.
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Aepd gy d-sie]l & deA e BaERs
tyrosinase, TRP-1(tyrosinase-related protein-1) % TRP-2
(tyrosinase-related protein-2) 0] 1™ o] FoM= E3| &

Zhd Aol 849 tyrosinaset WEbd Ao 27] wb
S TAsl= EEA|S GATA tyrosinase?] THI} FEF
2 o] o) "ahd <fe] A=, tyrosines 7| HE 1]
DOPA(3,4-dihydroxylphenylalanine) = H¥3l=  tyrosine
hydroxylase 233} DOPAE DOPA-quinone .2 A+3}lsl=
DOPA oxidase 42 25 7FX 2 YrKKim KY & Lee NK
2014). ololl wek H o5 2 s 2kl #Hehd A4
o] F9 §49l tyrosinase A= JA|Sh= Aol =4S
3 lthPillaiyar T & 2017; Pillaiyar T 5 2018).

AN 7] LR tyrosinase] AAA 2 AME-E 4= = WY
E42 ascorbic acid, kojic acid, azelaic acid ¥ hydroquinone
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g 27] Whe-Z 23 Il dig B g T AlFe] A <
2 T TAR skl AgE dRt ARgsia glow
(Imokawa G & Mishima Y 1982; Ando S ‘& 1993; Masuda

M 5 1996), 7|9 A& ALg-3}7) o] A3HAdS 7 tKim
KY & Lee NK 2014). X3} tyrosinase®] 2841 427 -8
S ot 7AW LA de W tyrosinase®] W19 ©HA], T
oA Al S 7= A Al #e A= v
k3l 423=0|t{Choung MG 5 2013). wlebd L =79} 2
) o gt o ¥l ¥k 2 FAHS FEs] {4l
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7HEEAY HFE HEAA e 2, A 9 1 T
o2 o]&3ta UTHXu B 5 2010; Chen KI 5 2012). 2
St AREH O] & diFe] F4sK(Shukla S 5 2016), &
K(Sundaram MK % 2018), 3118 <H(Vallabha VS & Tiku
PK 2014) & ﬂoﬂ(YusofHM 2019) 24 5 o8 AES}
A Aol YFHIATE o] Bl = i T2 HHﬂ(Soares AR 5
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Ao B3t A77F AP LA THLee YS 2010). 12 thE
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7] $13l thiazolul blue tetrazolium bromide(MTT), 3-isobutyl-
1-methylxanthine(IBMX), potassium chloride, trizma base,
acetic acid, L-DOPA % bovine serum albumin(BSA)E Sigma-
Aldrich(St. Louis, MO, USA)°lA U391, dimethyl
sulfoxide(DMSO) 2 isopropanol<> Junsei chemical Co., Ltd.
(Tokyo, Japan)ollA Fulldli 2™, 94.5% ethanolS Daejung
(Seoul, Korea)oll~] ullsle] A28} Tt RNase-free water,
Maxime PCR Premix(i-Taq), DNA maker %
+ iNtRON Biotechnology, Inc.(Seongnam, Korea)ol|A —vi5}
931, CycleScript RT-PreMix2} RT-PCR £Aof] Al-&-3F BE

1 ethidium bromide

WA oF BAETREAERS

primer: Bioneer corporation(Daegeon, Korea)oll4 Fulla}sd
t}. Ethylenediaminetetraacetic acid(EDTA), agarose, Triton
X-100 ¥ protein assay dye A]2F2 Bio-rad Laboratories, Inc.
(Hercules, CA, USA)9IlXl Fulal3l 3, Trizol® 2 chloroform
£ Thermo Fisher Scientific Inc.(Waltham, MA, USA)°llA]
wj3lsict. & Aol AHEE Al E= BI6F10 A X5 vjdat]
#3t Dulbecco’s modified Eagle’s medium(DMEM), fetal
bovine serum(FBS), penicillin-streptomycin, trypsine-ethylene-
diaminetetraacetic acid(trypsin-EDTA) 2 phosphate-buffered
saline(PBS)-> Welgene Inc.(Daegu, Korea)oll4] 138l Th
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B dA7eMe YT ethanol FEES Fo|ELHR
(Gimhae, Korea)ol|A] A|gygto} A5t} Alguke
ethanol FZEL 7lEgA] 5 m Ze|zzFd  ZE
(SYP05-25, TOP-Filter tech, Dagjeon, Korea)Z 1Z}AIZ] & 3
hr B2 3F FZ(MS-DM609, MISUNG Scitific, Yangju,
Korea) T B4 71x3le] —80TelAN 5 AES P w7t
2 BT B T 22522 DMSOS 4|2 slo] A
3 e 3AM3) Aol Algsigith A|Z3F 95 ethanol
= GEE(Glycine max (L.) Merr ethanol extract)@ T8
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3. B16F10 M| Hjjt

B Aol A A2 B16F10 Al & KCLB(Korean cell line
bank, No. 80008, Seoul, Korea)ol|4] #E3ktl BI6F10 A3
= 10% FBS 2 1% penicillin-streptomycing 2313+ DMEM
= AH83] 37T, 5% CO= AR ZxdollA] vidataich

4. NEz=d "ot

GEE A 2]l ©]g B16F10 A E°]
B16F10 M|32E 12-well plated] 53+ 24 hr 5 37T,
5% CO, Z3oA kel o, GEES %E A2 gt
F 22 x2700A 24 hr Bt wldBIATE 1 F MTT A2k
= iAo 4 8 MTT-DMEMS 0.5 mL® E33lo], 1 hr S
QF WEEAIZL & HiA & A AL 7t wellvlth DMSOE %7}
sto] A E formazans 3 A17] 2L, 96-well plateol] 3l
microplate reader(VersaMax: Molecular Devices, Sunnyvale,
CA, USA)E |83l 570 nmellX F3=5 Z7gatith 23
= Al W RS S ghe] o R FAISI oM, Al A
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5. B16F10 M|ZzojA{2] et M Ax FH

BI6F10 A|3£4] GEE A2l 2|3t depd A& <A
24E Yotste] v]w) 7154 S Belsast HAk 0.5 mM
e BMXE Asle] wWehd 44S fEskglov,
GEEE 2+ 10, 50, 100, 200 2 400 pg/mLe] F== 120 hr
Bt At 1 F A 9 wekd gL 23] 9
slo] wjA1E 200 pLA 96-well platec] #53to] microplate
reader(VersaMax: Molecular Devices, Sunnyvale, CA, USA)
£ o] &3l 405 nmol|A FFEE SGsIch Egh AlE
Ay shakS S793817] 918k trypsine-EDTA 200 plL&
gJate] depdat Al 2E &aAA AE SiES T8I
o) 538 A E L ES 5 min B YAEE] T AATAS
AAsE, 9:1 v]-&ERE A3 IN NaOH-DMSOZE &3 A A
100ClA 10 min B¢ 7Fdsidch 749 3 200 uLA
96-well platec]] 310 405 nmell A SH =5 =4 sI9ch
= uﬂﬂb} 2‘?1—31:_0_ /Kﬂ_l- 9,]/] mla,u] zﬂ— ]. ]:t 144-4 uﬂg],
d s gYror AEdigjon = a. gk e IBMXRH
W= 2]3F control LES 100%2 dte] Blw BA319]
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6. RT-PCR(Reverse Transcription-Polymerase Chain
Reaction)of| 2|3t mRNA 2& 24
GEE A |7} Wepd Aol #st= 8491 tyrosinase,
TRP-1 % TRP-29] 27} 480 9e& vl exg &
3l7] 9181 RT-PCR £41< 43151t} BI6F10 A ¥ol GEE
= 10, 50, 100, 200 2 400 pgmLe] F==2 *z]sta 0.5
F=9] IBMXZ 120 hr B¢+ Hg|slo] Waphd P&

Table 1. Primer sequences for RT-PCR analysis

-3t Ul S(Glycine max (L.) Merr) F=82] Hzhd A A a3 261

<t A2] & Trizol® A9 600 Lol
23] E-9l] chloroform 100 uLE A7}

F=5F9 ) 120 hr 5
im- L35t 53

3 3 15 sec E<H ?Zjé Ao, E3ES 25T A 3 min
%‘& ZAAAZ] Z 4T, 12,000 RCF, 15 min ZZA] A2

2sisich AiEe 3 Q*ET@ 52 isopropanolZ 200 L
7K 3 ARkl 25CellA 10 min E9F AR 1
47T, 12,000xg 271 S 2 10 min F ARSI F5
3k RNA %S 75% ethanol 300 LS 718l A7 &
4T, 7,500xg, 5 min 24 YAEEsIH o, e
A A3t RNA A AES AZA|FAH RNase-free waterS 37}
sto] g3 A7t} E2]E RNAE biodrop spectrophotometer
(Biodrop, UK)E o]&st] A}t
CycleScript RT PreMixE AH8-31o] 487, 12 cycle 2710l A]
cDNAE 3Ad3l9ith. /¥ cDNATE thermal cycler(Bio-
Rad, Berkeley, CA, USA)E A}-8-3l] RT-PCR 48 43
stgiom, daphd e Fdst= KA tyrosinase,
TRP-1 2 TRP-29] mRNA & FF2 1.5% agarose gel=
AR A7 EE AAlste] FAAE B s A5
o} B ddoMe WEFOE Bactin?} GAPDH7} AH&-5
o, HAzhd g #AAs= FHA tyrosinase, TRP-1
2 TRP-29] primer sequences= Table 1] YERASITE

Cambridge,

7. B16F10 M= LH Tyrosinase & =X

ehd Aol #eAst= B4 7 A4 H49 tyrosinase
o] G4 BI6F10 Al WojlA] _;7@0 % }GEE7} AT
tyrosinase 2/l o]k F3FS n|x|=

Gene name Species Primer sequence (5" — 3')
TTGTTTGAACACAATGGCTGCGA (sense)
Tyrosinase Mus musculus
AGCAATAACAGCTCCCACCAG (antisense)
GTACTGGTGAGCAGCTCTGT (sense)
TRP-1" Mus musculus
AGTCTGCAATCACAGCCACA (antisense)
TGATCACCACGCAACACTGG (sense)
TRP-2? Mus musculus
GGGTTGTTTCTCTTCAGCCACT (antisense)
AGGGAAATCGTGCGTGACAT (sense)
B-Actin Mus musculus
AGCTCAGTAACAGTCCGCCT (antisense)
GCCTCGTCCCGTAGACAAAA (sense)
GAPDHY Mus musculus

GATGGCATGGACTGTGGTCA (antisense)

Y TRP-1: Tyrosinase related protein-1.
2 TRP-2: Tyrosinase related protein-2.
® GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.



&€ B16F10 A XZE 1% triton X-100& 3¢+ PBSl| A2
3te] & $lollAl 5 min Bt FX|g F, M EE scrapper=
o] FEIATh 583 A= 4TlA 20 min B 94
Eeste] st sl 1 F 2592 Bradford A
oS Ball FHFEH L e Y2 0.1 M phosphate buffero]]
83A1Z1 L-DOPASt 37TellA 2 hr &<t RH-&-A1# micro-
plate reader(VersaMax: Molecular Devices, Sunnyvale, CA,
USA)E ©]&3] 475 nmol| A AE W tyrosinase®] 43S =
g3kl
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8. SAHIEN

RE 43} e PRLEEUAR FAGCH, Holel)
FAX 2= SPSS software(Ver. 18, Statistical package for
the social sciences Inc., Chicago, IL, USA)Z ©]-&-3lo] -4
A9 28 el feld Wk U WA B
(one-way ANOVA)< ©]83l9lal, AFF 7152 Student’s
rost WHE ALl folg AlS ABAT p<0.05,

p<0.01 2 ""p<0.001).
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1. B16F10 AM[Z0l|lA{2] GEE X Z|of| 2|$t M|z d&
= 4ot

B16F10 M ¥Zo| GEEE A 2|3t3& wl Al AE&ol 1]
A GEFS FRIs] fsle] MTT £4& S gt
(Fig. 1). MTT £X& A E BEES st WHew, &

=

A 7121 MTT7} Aolsle izt &gk A3e] njE
o} N9 redoxased] A AHgo 2 <lg Sgwo] Het
Ao formazans A=, o] & &l oz GajARl &
ololE Aol 5 =3 sl Wi oltiKim YE %5 2009).
DMSOT A28t A LS 2T & 3] 100%E Xl H]
WS A%, GEEZ 10, 50, 100, 200, 400 2 800 pg/mL
o] BEE AHZIEES W, 99.12%, 104.52%, 103.82%,
106.60%, 95.91% 12| 90.49%Z YERAATE whebrd 3
T AgE AFA = Fold o7t YepA] &= wxll
10, 50, 100, 200 2 400 pg/mLe] FETHS Aeslo] AL
skl

2. B16F10 A|=ZoiA{2| GEE Xz|of| 2|st
o =M "ot

GEE A 2|7} B16F10 Al32e] Hald 3o vX]= gk
< ol 7] &) 0.5 mM IBMXE Hepd A4S 453519
°om, GEEZ 10, 50, 100, 200 2 400 pg/mLe] FE= 120
hr F9F A2]ste] dahd A &AS H7FsIA thFig. 2).
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Fig. 1. Effect of GEE treatment on the viability of
B16F10 cells. BI6F10 cells were incubated with 10, 50,
100, 200, 400, and 800 ug/mL for 24 hr. Subsequent
experiments were progressed within the concentration range
that no significant difference in cell viability. Different
corresponding letters indicate significant differences by
Student’s r-test (* p<0.05).

(+) Control: DMSO-treated for 24 hr in B16F10 cells.
GEE: Glycine max (L.) Merr ethanol extract.

21 A3} GEE A2]7} B16F10 A XA & dzhd 3
46.69%, 44.42%, 27.90%, 19.37% 2 -3.15%% & 4
o2 AAATE FE RIS o (Fig. 24), & Hahd
F o= Al & F A E YoM E SU T «liﬂ °
2 AAIRE elstslon, Alx 9o dehd S &t
7Vl vl 53.64%, 54.86%, 30.74%, 17.89 2 -8.85%=
@x%]s—}Oﬂﬂ(Fig 2B), A1 Wl A& 39.73%, 33.98%, 25.06%,
20.84% 2 2.28%% A THFig. 2C). T3}, An| 7} o]n]
A1& B3l GEE Aol o3t dapd ox] =& IRIskAit
(Fig 2D, 2E). w&hA] B16F10 A EoA Wahd e oA
&+ B3l GEE A7} Al o] depd AES EH e
2 A5t AL #Qlsit). Bodurlar Y & Caliskan M
(2022)°]] oJahH T A3 wijF =< BI6F10 A 24
Aed S FoJst JAgttn Busiglon, o= o
FolA e B olaEeHE 9 V|E Hs SEEY
E34<1 anti-tyrosinase 2 Hahd 3 A LAl 710
Aoz B ek o]e st o] A7 (Park JH & Kim
GN 2023)°14 GEE9] & Ze]dE g3 =3 slom, o
£ gell GEES] Hepd A oA B3 =3 v= 3gEH
o] #AGo] Akar A ¢ Sk

&
Z
T

ool _IZi tlo

3. GEE X 2|7} B16F10 Aﬂ_
E 7dAte Ueo ojxle o

dopd o] A depd A fd g4 U g
el tS B3l olEste el 4611*15 % = (Choe
YS & Choe TB 2014), Hzhd A4 L
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Fig. 2. Inhibitory effect of GEE treatment on the melanin synthesis of B16F10 cells. BI6F10 cells were induced by 0.5
mM IBMX to incubate in the presence or absence of 10, 50, 100, 200, and 400 pg/mL for 120 hr. Melanin contents of B16F10
cells were quantified at 405 nm (A), (B), and (C). The secreted cellular melanin content was obtained using image scanner
(D) and the levels of melanin content was analyzed by photomicrograph (E). Different corresponding letters indicate significant
differences by Student’s t-test ("~ p<0.05, ™ p<0.01 and, ™" p<0.001).

(-) Control: No treatment.

(+) Control: 0.5 mM IBMX-treated for 120 hr in B16F10 cells.
GEE: Glycine max (L.) Merr ethanol extract.

F A9l tyrosinase= L-tyrosines L-DOPAZ hydroxylased} 31, L-DOPA= TRP-1 & TRP-2 52| &4} THofsle] F



264 kg .

Aoz wehdo] F4ETHYoon YM 5 2013). &, A%
Wl A v §3}= tyrosinase®] TE ‘”Zﬂ 2 tyrosinase2]
S 7haAA Wahd AR 1= S sopsto &
2 geld 4= gltkPark SI 5 2021). ¥ 23&]o]-E RT-PCR
S 5319 BI6F10 Al Z014 GEE 2|7} Wepd AgAdo] #
oJ3le thEZH A9 tyrosinase, TRP-1 E TRP-29]
mRNA && 3ol vx= J3s Lol uxl &4 thFig.
3). GEEE 10, 50, 100, 200 % 400 pg/mLe] F%=& 120 hr
&< Aeletsle W, GEE A 2]:= TRP-1 % TRP-29] &4
= o].‘:' EJ Oﬂ-&k_o_ U]i]%] oJ-o]-x]u]-(Fig 3B) uﬂa,u] }@H _74.
A ZF A 2491 tyrosinase2] T Fo|n|EHA slek 2
AsHATthFig. 3A). °l& A &shet 27 IBMXE depdS
=gk (+) d&wte] tiv|sle] GEEE FEH=E A8t <

7t 371kl et tyrosinase?] W o] 7HAgHS &9l
stdon, 7Y =2 552 400 pg/mLe] FEAE (+) o
Zroll thu|sle] 2u) ©]X39] tyrosinase WS A S

215} tH(Fig. 3C). Shin SH & Lee YM(2013)<llA] th52]
2P M2 BI6F10 A3 A Wahd M3z So|A thilz
9l tyrosinase 2| 2|3t 3}k S Fofo] n|w g3

£ Vepdittay BaE v qloh

4. B16F10 M= LHollM GEE X{Z|oi| 2|$t Tyroinsae
o &y A

Wil ghA 7o FH 849 tyrosinase’= A oA
tyrosine > Z5E DOPAS} DOPA quinones A HIFZ o
2 dgd 13245 AP o Hodshe EholBE Wt
A A Zo A 9] tyrosinased] B4 I 5 Wapd AYde] 2%
Aol 43ke m A ©rHLi W & Hill HZ 1997). wlahA]
GEE 217} B16F10 M 3E WollA tyrosinase®] 43 =A<l
e nX =R E o] @l Al Ul tyrosinase®] 24
< 23 thFig. 4). GEEZ 10, 50, 100, 200 2 400 pg/mL

FEZ 120 hr B9 A8t . tyrosinase®] /g2
IBMXRF ©=0 2 H2jet tixa 153 Hlmsto] 80.42%,
78.13%, 67.26%, 64.25% 2 40.46%% F= EX o7 A
A71E A Elsith 79 isoflavone AE<%1 S2]AH|
013} trol=A|ele] AL AHE2Q 6,7,4'-trihydroxyisoflavone-2
723t tyrosinase B4 A& Hole oz Hud v} 9l
S m(Chang TS & 2005), ©] Y% tfF2] tho]zl, Ay~
H <l 52 anti-tyrosinase®] 574¢] = A= HuFArt
(Loizzo MR 5 2012). ©]E %3] GEE *Z|+= tyrosinase®]
Az T FES AAlShe BT ozt AlE HollA
tyrosianse A T3 JA|5le] BI16F10 Al EolA Hlzphd A
Ae AaAids A 4 F Uk

WA oF BAETREAERS
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TRP-1

B)
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©

Fig. 3. Effect of GEE treatment on the mRNA expression
levels of melanogenesis-related genes in B16F10 cells. The
total RNA of B16F10 cells were isolated by Trizol® reagent.
The mRNA expression levels of melanogenesis-related genes
such as tyrosinase, TRP-1 and TRP-2 were determined by
RT-PCR (A) and (B). The mRNA expression levels of
tyrosinase was quantified using Image J program (C). GAPDH
and B-actin were used as a control. Different corresponding
letters indicate significant differences by Student’s t-test (™
p<0.001 and ™ p<0.001).

() Control: No treatment.

(+) Control: 0.5 mM IBMX-treated for 120 hr in B16F10 cells.
GEE: Glycine max (L.) Merr ethanol extract.

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

TRP-1: Tyrosinase related protein-1.

TRP-2: Tyrosinase related protein-2.

2 o

B
73 A Bl B3 71de rEEte] HA v A=A
A& Hestaat sttt 43 23 10, 50, 100, 200
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Fig. 4. Inhibitory effect of GEE treatment on tyrosinase
activity in B16F10 cells. Intracellular tyrosinase activity
was determined with L-DOPA as the substrate. Different
corresponding letters indicate significant differences by
Student’s r-test (" p<0.01 and " p<0.001).

(-) Control : No treatment.
(+) Control : 0.5 mM IBMX-treated for 120 hr in B16F10 cells.
GEE : Glycine max (L.) Merr ethanol extract.

23 400 pg/mL EE=E GEE A 2|sl%& |, BI6F10 Al

ZoM wEk Ao FIRl Wehd B4 oAl 2ikE
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